Yogurt is a dairy product made by milk fermented with Lactobacillus bulgaricus and Streptococcus thermophilus. Probiotic bacteria are added to conventional yogurt in order to boost benefits on the consumer health.
Introduction

Yogurt is a millenary fermented food with high digestibility, bioavailability of nutrients, it is contains lactic acid bacteria as Lactobacillus bulgaricus and Streptococcus thermophilus, which may affect positively gut microbiota [1] . Méchnikov in 1907 in the book "The prolongation of life" describe the importance of the consumption of fermented product on the microbiota [2] . Yogurt is a complex mixture of proteins (whey protein and casein in the ratio of 20:80), fats (saturated, mono and poly-unsaturated fatty acids) and carbohydrate (lactose), providing high-quality nutrients, which have a wide range of bioactivities [3] . Yogurt consumption has been associated with healthy dietary patterns and lifestyles, better diet quality and healthier metabolic profiles. Recent epidemiological and clinical evidence suggests that yogurt contributes to better metabolic health, including the control of energy balance, body weight and glycemia.
Nowadays the original yogurt can be added with other lactic acid bacteria considered probiotics.
The word "probiotic" originated from Greek meaning "for life. " Probiotics are defined as "live microorganisms, which when administered in adequate amounts confer a health benefit on the host" [4] .
Hundreds of different bacteria species are the natural and predominant constituents of intestinal microbiota. Among the numerous intestinal microbes, those that exhibit potential health benefits to the host through modulation of the intestinal microbiota are commonly selected as probiotics. Species belonging to the genera Lactobacillus (L) and Bifidobacterium (B) have been reported to be the beneficial probiotic bacterial strains. The representative species include L. acidophilus, L. casei, L. plantarum, B. lactis, B. longum, and B. bifidum [5] .
Health benefits include: controlling gastrointestinal infections, improvement in lactose metabolism, anticarcinogenic and antimutagenic properties, reduction in serum cholesterol, and improvement in inflammatory bowel disease, Helicobacter pylori infections, and immune system stimulation [6] .
The mechanism by which the immune system is modulated by probiotic organisms is not entirely known. Probiotic bacteria may counteract the inflammatory process by stabilizing the gut microbial environment and the permeability of the intestinal barrier. One mechanism of action of probiotic microorganisms include promotion of immunologic barrier via improvement of the intestinal secretory immunoglobulin A (S-IgA) and innate responses or on the non-immunologic gut defense barrier by controlling the intestinal permeability, increasing the intercellular adhesion molecules of the epithelium, or influencing the gut microecology [4, 7] . At present there is much evidence concerning the role of probiotics on the health, especially Lactic Acid Bacteria (LAB). Probiotics include in fermented food, may exert a beneficial effect on allergic reaction and in lactose intolerance, and have also been attributed other effects, such as the increase of nutrient bioavailability, the decrease of the serum cholesterol concentrations, and the improvement of urogenital health [8] .
Some of effects from probiotic fermented milk containing probiotic strain have been attributed to an increase in the innate immune response and others to an increase in the acquired immune response [9] . Food containing probiotic bacteria are also able to stimulate the immunoglobulin A (IgA) immune response. The immunological properties of probiotic bacteria have been studied previously and showed that certain LAB, such as Lactobacillus casei, Lactobacillus rhamnosus, and Lactobacillus plantarum enhance both systemic and mucosal immunity. In vitro studies have shown that several LAB strains promote the immunopotentiator capacity of cells from the innate immune system, as macrophages [9] .
The diseases that impairs the balance between energy intake and caloric expenditure, such as malnutrition and obesity, impairs nutritional status will have a direct effect on the immune system, increasing the risk of infections, inflammatory processes and other associated pathologies that affect the quality of life and may even lead to the death [10] .
The malnourished host has an impairment of intestinal barrier functions, indicating that the intestine may become increasingly permeable to the absorption of dietary and other environmental antigens. In severe malnutrition there is bacteria translocation of the normal microbiota. It was well demonstrated that the presence of a number of growth factors and hormones in the milk of various species including human and bovine together with the low proteolityc activity in the gastrointestinal tract, suggest the potential use of these milks in the renutrition process. In the same way in fermented milk, the peptides produced in the fermentation process are functional and can improve the digestive tract, or elsewhere in the body and exert an immunomodulatory effect [11] .
The beneficial effect of certain probiotic strains on body weight, metabolic parameters and some immunological parameters evaluated in an obesity animal models, diabetes and hyperlipidemia have been previously described [12] .
It was also demonstrated that probiotics can improve the microbiota in obesity and modulate the genes associated with the liver metabolites and the adipose tissue [13] [14] [15] [16] [17] [18] . These facts show to probiotic supplementation to the diet as possible alternative to help the immunity in obesity and on its associated disorders.
The aim of the present work was to study the effect of the supplementation to the diet with yogurt or probiotic yogurt on body weight, biochemical parameters and in the improvement of the intestinal immune system and on thymus recovery in an obese mice model.
Materials and Methods
Animals and study design
Mice were provided by CERELA (San Miguel de Tucuman, Argentina) from a closed random bred colony. The experimental protocol was performed with 30 male adults' mice of 5 weeks old. Mice were divided into two groups: Normal Control (NC) which were fed ad libitum with conventional balanced food (45% carbohydrate, 32% fat, 23% protein, 6% raw fiber, 10% mineral, 1.3% Ca, 0.8% P, 12% moisture and vitamins provided by the CA of Animal Nutrition (San Nicolas, Buenos Aires, Argentina) and Obese Control (OC) which fed with a High-fat Diet (HFD). The HFD was made in the laboratory using the same balanced food by added with bovine lard and sugar (both for human consumption, purchased at the supermarket). The HFD contains 43 [19] . The probiotic and the started bacteria used in the yogurt elaboration can resist the adverse condition to gastrointestinal tract and arrive alive to the small intestine, without necessary to be included in a protect cover [20, 21] . Each group was subdivided in sub-groups according to dietary supplement administered. The volume of the each supplement consumed was measured daily. Each animal consumed about 2-3 ml of liquid per day. The bottles containing the supplements were replaced daily to maintain the quality of them. The mice were maintained in a room with 12-h light/dark cycles at 20±2°C; they were weighted three times per week.
Mice from each group were sacrificed at 30 and 60 days by cervical dislocation. Serum, intestinal fluid, small intestine, large intestine, thymus, liver and spleen were taken for further studies. All animal protocols were preapproved by the Animal Protection Committee CERELA (CRL-BIOT-LI-2010/1A) and all experiments comply with the laws in Argentina.
Determination of body and organ weight
Animals of each group were weighed every week during 60 days (8 week) to determine the influence of yogurt or probiotic yogurt on the body weight. Liver, spleen and thymus were also weighed at sacrifice day to determine if yogurt supplementation influenced in the rate body weight/organ.
Determination of biochemical parameters
Blood was drawn through cardiac puncture. The blood samples were collected into a sterile tube and centrifuged at 3500 rpm for 15 minutes. After centrifugation, serum was collected in tubes and stored at -20°C. Glucose, total cholesterol, LDL, HDL cholesterol and triglycerides were determined by standard biochemical methods (Wiener Lab. Rosario Argentina).The results are expressed as concentration (mg/dL) of each parameter in serum.
Analysis of bacteria translocation
The translocation of bacteria from intestine to liver and spleen was determined. Livers and spleens from each group were aseptically removed, weighed and placed into sterile tubes containing 5 ml of peptone water (0.1%). The samples were immediately homogenized under sterile conditions using a microhomogenizer (MSE, England). Serial dilutions were made and spread over the surface of MacConkey and MRS agar (Britania, Buenos Aires, Argentina). Plates were incubated aerobically at 37°C for 24 or 48 h, respectively for each medium and the colony forming units (CFU) were counted.
Analysis of some population of the intestinal microbiota
The large intestines were removed aseptically, weighed and placed in sterile tubes containing 5 ml of peptone water (0.1%). The samples were immediately homogenized under sterile conditions. Serial dilutions were obtained and aliquots (0.1 ml) of the appropriate dilution were spread onto the surface of the following agarized media: Reinforced Clostridial Agar (RCA, Britain, Buenos Aires, Argentina) for total anaerobic bacteria; Mann-Rogosa-Sharp (MRS Britain, Buenos Aires, Argentina) for total Lactobacilli and MacConkey (Britain, Buenos Aires, Argentina) for Enterobacteria. MacConkey and MRS agar were incubated aerobically at 37°C for 24 h and 48 h, respectively, and RCA agar incubated anaerobically at 37°C for 72-96 h then the CFU was determined.
Sampling of the intestinal fluid and small intestine for histological studies
Small Intestines (SI) from each mouse and group were washed with 1 ml of Phosphate Buffered Solution (PBS) 0.01M and the intestinal fluid was collected and stored at (-20°C) until use, then the SI was cut into small pieces. The thymus was also extracted. These samples were used for histological preparations following technique described by SainteMarie [22] . Paraffin blocks were kept at 4°C until use. Microtome cuts of tissues of about 4 mM thick were made. The paraffin section were deparaffinized and stained with hematoxylin-eosin for light microscopy examination to analyze the integrity of the small intestine and thymus tissues.
Determination of IgA+ cells in the small intestine by direct Immunofluorescence
After deparaffinization using xylene and rehydration in a decreasing gradient of ethanol, paraffin sections (4 mM) from small intestine were incubated with a dilution of the antibody conjugated with FITC (Sigma, St Louis, MO, USA) for 30 minutes at 37°C in darkness. 
Determination of cytokines and Secretory IgA (S-IgA) in intestinal fluid
The intestinal fluid from the small intestine was collected as was described above, with 1 ml PBS and immediately centrifuged at 5000 g for 15 minutes at 4°C. The concentration of cytokines (IFNγ, IL10, IL6) using BD OptEIA ELISA set (BD Bioscience, San Diego, USA) was determined. The results were expressed as the concentration of each cytokine (pg/ml).
Total S-IgA determination was performed as described by de Moreno de LeBlanc and others [23] : coating with goat anti-mouse IgA affinity-purified antibody (BETHYL Laboratories INC, Montgomery, TX, USA) was used. Kappa IgA purified immunoglobulin (SIGMA, Saint Louis, USA) was used as standard. Detection was performed with Antimouse IgA (α-chain specific) peroxidase conjugated developed in goat (SIGMA, Saint Louis, USA). All reactions were revealed and stopped with sulfuric acid 2 N. Absorbance read at 450 nm. Results for total S-IgA were expressed as concentration (µg/ml).
Statistical Analysis
For all the studies, each group assayed was from three mice. Each experiment was performed three times. All statistical analyses and plotting were carried out using Graph Pad Prism 6.01 software (Graph Pad Software, La Jolla, Calif). The significance of the difference was determined using one-way-ANOVA when more than 2 groups were conducted, whereas T test was conducted to compare two experimental groups. A P value <0.05 was considered as statistically significant.
Results and Discussion
The worldwide prevalence of obesity increased more than doubled between 1980 and 2014 and for today WHO has declared obesity as global epidemic and took it under control [24] . In 2014, more than 1.9 billion adults older than 18 years (39%) are overweight. Overall, about 13% or 600 million of this adult population (11% of men and 15% of women) was obese. People affected by obesity are more likely to suffer from additional medical conditions, such as cardiovascular diseases (mainly heart disease and stroke), which were the leading cause of death in 2012; diabetes; musculoskeletal disorders (especially osteoarthritis); some cancers (including endometrial, breast, ovarian, prostate, liver, gallbladder, kidney, and colon) [13] .
In a present paper we evaluated the useful of yogurt supplementation to obese mice in the body weight.
The HFD induced increases in the body weight of mice, showing a peak at 5 weeks, achieving a 30% increase in body weight over the normal control. At the same time, obese mice receiving probiotic yogurt as a supplement showed lower body weight than the other experimental groups even than normal control.
At 8 weeks, body weight of animals that received conventional yogurt was higher than the other experimental groups, while body weight of animals who were fed with probiotic yogurt decreased, being these values lower than the other groups that receiving the high fat diet. The increase in body weight registered of this group of mice was more controlled than the others obese groups (Figure 1 ).
It should be noted that the measurable effect of probiotic yogurt on this parameter was in the first months of administration (4-5 weeks), when the weight gain in obese control group is about 30% with respect to the non-obese mice, indicating weight regulation, even taking into account that the animals consumed the high-fat diet during all the time experience. At 60 days, where obesity increased over 50% of body weight, only the animals receiving probiotic yogurt have a smaller body weight than obese control mice. We did not found effect with the others supplementary diet.
As regard to the relation of the body weight/organs (liver, spleen and thymus), we observed not significant changes compared to the normal control in the relation body weight/liver or spleen for all the supplements administered. Obese control showed a significant diminution for body weight/spleen relation, the probiotic yogurt normalize values near to the normal control. The HFD increase thymus weight at 60 days, showing a diminution in the relation body weight/ thymus. We observed for thymus a market effect with an increase in the weight at 60 days in the group given yogurt or probiotic yogurt ( Table 1 ).
The changes observed in thymus from obese mice were also evident at the level of histology, showing severe alterations in the structure of the thymus with increase in the cellularity, without differentiation between cortical and medullar zone in obese group at 8 weeks. Thymus histology was recovery after yogurt supplementation, being probiotic yogurt more effective, showing a similar structure to the normal control. This effect was observed previously with other probiotic milk [25] . Low fat milk supplementation did not have effect on thymus histology. Figure 2 show representative pictures of the different groups analyzed. The stimulation observed could be due to the production of IL-7 which is involved in the ontogeny and maturation of T lymphocytes [26] [27] [28] . These studies confirm that yogurt supplementation not only improves thymus weight as we mentioned before, but also significantly improves the histology of this organ (Figure 2) .
The results obtained with probiotic yogurt over thymus are important considering that, thymus is the organ responsible for the development of self-restricted, self-tolerant, immunocompetent T cells but has no self-renewal properties relying on the continuous replenishment of new T cell progenitors from the bone marrow. Maturation of these cells occurs through a series of proliferation and differentiation stages dependent upon receiving instructions from the specialized thymus microenvironment [29] . Recent studies show that a high fat diet accelerates the changes that occur in the thymus by over time [30] . This fact was evidenced in this work and we observe a positive effect after 30 days of probiotic yogurt administration, with an increase in the thymus weight and cellularity.
Different studies describe that obesity, associated with caloric excess, compromises the mechanisms regulating T-cell generation by inducing premature thymic involution compromising health and life expectancy [31] . However in other study, authors conclude that, the process of thymic aging, associated with the amount of calories ingested, is characterized by reduced production of naive T cells and replacement of lymphostromal thymic zones with adipose tissue [32] .
In obesity, it is well described that the level of glucose, total cholesterol, HDL, LDL in serum are increased, as a consequence of metabolic syndrome [33] [34] [35] [36] [37] [38] . It was also described that some probiotic strain can improve these values near to the non-obese control [39] . In our study, the analysis of the glucose, cholesterol, LDL, HDL and triglycerides values showed increases in the obese control for 30 days and 60 days in relation to the normal control. Both yogurt administrations induced a decrease in the values for the parameters assayed being the effect more evident for probiotic yogurt. However the values did not reach the NC. The group with low fat milk was not effective and showed similar values to the obese control (Table 2) . These results indicate the usefulness of the yogurt administration even in process of obesity to ameliorate the biochemical parameters and this fact is closely related with the weight modulation observed after yogurt supplementation ( Table 2 ).
The intestinal microbiota is susceptible to suffer alteration in obesity. Others studies demonstrated that the microorganisms from the phylum Firmicutes are increased and there is a great decrease in bifidobacteria [40] [41] [42] . Weight changes of NC, OC groups and mice given with the different dietary supplements OM, OY and OPY were determined weekly during 60 days. For each trial, each group consisted of six mice. Data are expressed as percentage of weight gain above of the initial weight (100%). Each point represents the mean _ SEM of the percentage of weight gain obtained from the three independent trials (N ¼ 18). *Significant increase (P < 0.05) compared with the respective control at the same time point. Table 1 : Relation body weight/organs. At the sacrifice days 30 or 60 days, mice were previously weighed. The liver, spleen and thymus were aseptically removed from each animal of each experimental group (NC, OC, OM, OY and OPY). Then, organs were placed in sterile, pre-weighed tubes. The tubes with the each organ were weighed again and the organ weight was calculated by difference. The relation body weight/organs was made considering the mean ± SD for each .(organs of each group of N = 9 animals from three separate experiments. a,b,c,d,e mean values with unlike letters were signicantly different (P ≤ 0, 5 We observe that obese group showed a diminution in the Enterobacteria population in relation to the NC. The groups that received yogurt supplementation, with or without probiotic, have a slight increase in this population (at 30 and 60 days) but they did not reach to the normal control values. Milk supplementation induced a significant increase in the Enterobacteria in relation to the all obese groups, for the periods of time assayed (Figure 3a) .
For Lactobacilli population we found that three dietary supplement assayed increased this population (Figure 3b ).
Total anaerobe populations increases in mice received yogurt supplementation in relation to the obese and normal control in both periods of time assayed (Figure 3c ).
For OM and OPY groups we observed a diminution of this population as regard to the obese and control groups.
These results suggest that yogurt administered in obesity could improve the intestinal microbiota principally with the Lactobacilli population increases.
In order to confirm the safety of yogurt supplementation in obesity we performed bacterial translocation assays from the intestine to distant organs as liver and spleen. We analyze two populations, . Each mean represents data from nine animals (from three independent experiment). *Significant increase (p < 0.05) compared with the normal control.
(a) (b) (c)
Enterobacteria and Lactobacilli, which are sensitive to translocate when the microbiota is disturbed. At this point it is important to note that; different diet supplementation did not induce bacteria translocation in the NC group. Enterobacteria translocation was determined in liver, only in the group that received milk in both times assayed (more of 200 CFU); no translocation of this population was observed for yogurt administration as well as NC or OC. The OC and milk groups induced also Lactobacilli translocation in the two periods assayed. In the spleen, did not found translocation, for the two populations analyzed in both periods of time, for any supplement assayed.
These results demonstrate the safety yogurt administration to obese host, not only on the intestinal microbiota balance but also on the protection the intestinal barrier, contrary to those observed in the milk group and in obese control.
The gut histology is important not only for the nutrient absorption but also for the maintenance of the microbiota balance [43, 44] . Studies on small intestine histology were conducted in order to determine whether the probiotic yogurt administration was effective in improving the disturbances on the length of the villi of the small intestine induced by obesity. There was no change in the small intestine histology for the non obese group that received any of the three supplement assayed, being the histology similar to the normal control. However, the high fat diet induced severe alteration in the histological architecture for obese animals after 60 days; the small intestine showed villi shortened, with an increase in the cellularity of the lamina propria, this fact was improved only after yogurt consumption. The probiotic yogurt was more effective in the recovery of the villi and cellularity, showing a similar histology to the NC. The low fat milk supplementation was not effective in recovery of the small intestine histology. Figure 4 show representative picture of each group analyzed.
These finding confirm that probiotic administration is able to improve the histology of the small intestine which ensuring a better functioning of the intestinal barrier in the obese host.
The biological role of the Secretory IgA (S-IgA) has been demonstrated [45] . This immunoglobulin is important to maintain the effectiveness of the epithelial barrier. We analyzed the effect of yogurt administration on the IgA+ cells in the lamina propria of the small intestine and the total secretory -IgA. We observed that the values for IgA+ cells at 30 days did not changed in the obese mice as regard to the non-obese group. The number of IgA producing cells in the lamina propria of the small intestine for obese and low fat milk groups were similar those of normal control group. After yogurt supplementation these values were increased especially for yogurt containing probiotic strain. For 60 days IgA+ cells increased in all groups with values remarkable for probiotic yogurt (Figure 5a ).
For the total S-IgA the values obtained for obese and low fat milk groups, in the two periods of times assayed, were diminished as regard to non-obese group. Yogurt supplementation increased the total S-IgA values after 60 days of administration, respect to the controls (NC and OC) (Figure 5b ).
It is described that the increase in total anaerobes affects the functionality of the IgA-S, this fact was demonstrated in old animals, where the impaired molecules IgA affect their functions at the level . The figures showed that mice from OC group presented the villi of the intestine shorter than in the NC group. Milk supplementation of obese mice did not induce beneficial changes in the histology of small intestine; however, yogurt or probiotic yogurt administration to the obese mice improved the histologic alterations caused by obesity, being the mice that received probiotic yogurt, the group that showed histologic characteristics similar to the NC group animals. of the intestinal barrier [46] , even when the number of IgA+ cells is normal or increased. The results agree with non-obese controls for 60 days (older animals) with those determined for the population of anaerobes obtained in the analysis of the microbiota at this time point.
We demonstrated that both yogurt assayed specially those containing probiotic strain were effective in old age, increasing the number of IgA cells and the production of S-IgA. The non-fat milk was less effective, as regard the obese control were we found a remarkable decrease in the levels of total IgA-S (Figure 5a and 5b) .
It is well known that the Intestinal Epithelial Cell (IEC) play an important role in the signals to activate the immune cells associated to the lamina propria of the intestine. This IEC is activating from the metabolites released by the commensal microbiota [42, 47] .
The activation of the immune cells associated to the lamina propria and the Intestinal Epithelial Cell (IEC) were evaluated in the intestinal fluid, by determination of cytokines (IL-6, IL-10 and IFNγ) release. These cytokines are the biological messenger to send signals to activate other immune cells from lamina propria.
The IFNγ is produced by the Th1 and IEC and is involved in the activation of cells of innate response as MQ and NK cells, which in turn increase the activation of LT. In addition, IFNγ promotes the differentiation of CD4+ T lymphocytes towards the Th1 group and inhibits the development of Th2 and Th17 lymphocytes. Also stimulates the expression of several different proteins that contribute to increase the expression of MHC-associated antigen and the initiation and amplification of T lymphocyte-dependent immune responses [48] . IL6 is produced by the IEC, macrophages (MQ) and LTh2. This cytokine promote hepatic synthesis of inflammatory mediators in the liver, stimulates the production of neutrophils in the bone marrow, and promotesthe differentiation of IL-17. Furthermore, is very important in the differentiation of LB to plasma cell producing Immunoglobulins [49] . IL-6 and IFNγ have a pleiotropic effect, which depends on the levels reached and the microenvironment in which they are produced [50] .
For IFNγ we found that OC animals had similar values than the NC in both periods of time assayed (30 or 60 days). The three supplementary diets increase significantly the values in relation to the two controls, for the two periods of time.
There are studies performed in obese mice indicating that the high levels of IFNγ, promote the inflammation in fat tissue [51] . However in the intestinal context, the production of IFNγ is important to maintain the intestinal barrier homeostasis and to orchestrate the innate immune response from the underlying immune cells. These results indicate that yogurt supplementation was able to activate the IEC and immune cells associated to the lamina propria and they are in concordance with previous studies, where this cytokine increase in gut after probiotic administration [52] , being a relevant effect in the resolution of a Salmonella thiphimurium infection [53] . Recent studies demonstrate that IFN-γ plays a central role in the modulation of chemokine production and leukocyte recruitment in response to proinflammatory cytokines [54] .
IL6 decrease significantly in obese animals respect to normal control. In contrast yogurt or probiotic yogurt administration increased significantly IL-6 at 60 days, with values even higher than those for normal control. Low-fat milk supplementation induced a great increase after 30 days of administration. The values for this IL 6 obtained for both yogurt assayed, are consistent with the increase in the levels of total S-IgA determined. IL-10 was also significantly decreased in obese mice in both time assayed. Low-fat milk increased this cytokine values at 30 days. The group fed with probiotic yogurt had similar values than normal control. However, the animals given conventional yogurt as supplementation showed an increase at 60 days of the experience. All of these results are expressed in table 3.
IL-10 is mainly produced by macrophages and activated dendritic cells, Treg lymphocytes and Th2 lymphocytes; it is also produced by some B and Th1 lymphocytes. IL-10 is a negative feedback regulator of macrophages and dendritic cells, because it is produced by these cells and in turn inhibits them. IL-10 inhibits the production of IL-12 and the expression of costimulators and MHC class II molecules in dendritic and macrophages regulating the immune response [55] .
The results obtained showed that the increase in the regulatory IL-10 could help to reinforce the epithelial barrier and participated in the IgA+ cells and Total S-IgA increase. 
Conclusion
We demonstrated that yogurt administration as a dietary supplement in obesity is able to improve some parameters of the intestinal barrier and from the cells of the innate immunity.
The yogurt administration in obese mice did not induce increases in the body weight; being values close to non-obese control. The ratio body/liver and spleen were not altered.
Yogurt supplementation had beneficial effect by increasing thymus weight.
The administration of both yogurts assayed was effective to normalize glucose, HDL, cholesterol, LDL in the serum increased by the metabolic syndrome induced by obesity.
Yogurt improves the intestinal microbiota with an increase in lactobacilli population and decreasing total anaerobes. There are not side effects such as translocation of intestinal microbiota to liver or spleen.
Both yogurts improve the histology of the small intestine especially the group containing probiotic strain and also improve the thymus histology.
Both yogurts promote cytokine production such as IL-6 and INFγ at physiological levels that enhance activation of IEC and the immune cells associated with the lamina propria. These cytokine favor the increase in the IgA+ cells and total IgA. The levels of the IL-10 regulatory cytokine increased, helping to reinforce the epithelial barrier avoiding an inflammatory response.
The present study demonstrated the safety and useful of yogurt consumption in obese host, benefiting mainly the innate mucosal immunity, biochemical parameters, intestine and thymus histology. These results allow advance in the research about the influence of functional foods on the thymus cells activity, involved in maturation and ontogeny of T cells, which play a key role in the immune response.
